With the growth of waste concrete, many experts and scholars at home and abroad start to study the physical and mechanical properties of recycled aggregate concrete. However, most of the research is focus on recycled concrete with low strength which can only be applied for non-bearing structure. This paper proposes a new recycling process of recycled aggregates to produce recycled aggregate concrete with high strength. The strength of recycled aggregate concrete with different replacement content of recycled aggregate are investigated. The results show that the strength of recycled aggregate concrete with replacement rate of 50% recycled coarse aggregate and 30% recycled fine aggregate is more than 50 Mpa.
INTRODUCTION
In the 1990s, the annual emissions of waste concrete in major areas such as Europe, America and Japan have respectively reached approximately 50 million tons, 60 million tons and 12 million tons. In addition, with the rise of developing countries, the waste concrete emissions keep increasing year by year [1] . Up until now, China's annual urban trash emission has reached 6 billion tons. Among the overall emission, 2.4 billion tons are construction wastes and 40% of these wastes are waste concrete. Thus, establishing a method to deal with waste concrete is an urgent and serious issue for China.
Over the years, experts and scholars at home and abroad have studied the basic physical and mechanical properties of recycled aggregate concrete. However, the ________________________ Ying Xu, Jie Liu, Hongguang Zu. Harbin Institute of Technology, Shenzhen, China strength of the recycled aggregate concrete that they produce is not high, and its application in actual projects is not so common, providing little experience to learn from. The fact that it can only be used for non-structural components imposes great restrictions on its application. In view of this situation, this paper propose a new recycling technology to prepare a high-strength recycled aggregate concrete out of the waste concrete produced in the construction of new buildings and the old city renovation in Shenzhen. The strength of the recycled aggregate concrete has been tested, and the possibility of its application in bearing structures has been studied, so as to effectively recycle and reuse the waste concrete [2] .
The recycled aggregate produced by traditional technological process requires an overwhelming investment in primary equipment, and on top of that, the products suffer from poor quality. Hence, there are some limitations in the scope of its application. This paper drew on the successful experience of domestic and overseas countries, especially Japan, in the preparation technology of high-performance recycled aggregate to design an improved technology for the preparation of recycled aggregate. Then, the basic physical properties of recycled aggregate are compared with those of the aggregate produced by the traditional simple crushing process. Moving on, the recycled aggregate is used to produce high-strength recycled aggregate concrete, in order to verify the feasibility of reaching its expected strength.
STUDY ON THE PREPARATION TECHNOLOGY OF RECYCLED AGGREGATE
The artificial method was adopted to remove impurities from other debris in the waste concrete. The preliminary recycled aggregate was obtained after primary crushing, and aggregates with a particle size of <40 mm was sifted out through preliminary screening. After surface cleaning, a drying oven in the laboratory was used as a heating device to heat the aggregate that was placed in the preheated drying oven to 300°C. Then, the aggregate was immediately taken out and placed into a horizontal roll grinding machine after heating for an hour. The steel balls exclusively used for grinding were also placed into the grinding machine with the aggregate. After grinding for 0.5 hour, the recycled coarse aggregate that had a particle size between 4.75mm and19 mm was sifted out. Then, the rest of the aggregate underwent dust collection treatment using dust collection equipment, and was sifted into the recycled fine aggregate that had particle size between 0.15 mm and 4.75 mm. There cycling process is shown in Figure 1 .
In this study, the simple crushing was called Technology A, the technology proposed by this paper but without steel balls during grinding was called Technology B, and technology proposed by this paper with steel balls during grinding was called Technology C. A scanning electron microscope was employed to conduct a microscopic observation on the recycled aggregate concretes prepared using the three different recycling technology and the test results are shown in Figure 2 . The graph in Figure  2 (a) shows that the surface of the recycled aggregate presented with micro cracks after simple crushing. Figure 2 (b) shows that the old cement stone mingled with the recycled aggregate prepared by Technology A had a kind of porous structure, and the relatively stronger water absorbing capacity of the old cement stone made the microstructure of interfacial zone present porosity due to the large volume of water loss around the new mortar. Figure 2 (c) shows that after adopting the Technology A, an old cement mortar layer appeared between the recycled aggregate and new cement mortar. However, since the old cement mortar bored relatively strong water absorption, the new cement mortar suffered water loss, which deteriorated the hydration effect of the new mortar at the interface layer, thereby making the junction surface of the old cement mortar layer and new cement mortar loose. Figure 2 (d) shows that the junction surface of the recycled aggregate and cement mortar was denser after being prepared by Technology B, since the old cement mortar with a lower strength wrapping around the surface of recycled aggregate was effectively stripped in heating and grinding, and the surface was clean, thereby improving the hydration effect of the new cement mortar at the recycled aggregate surface. When using Technology C, the addition of steel balls in grinding would further enhance the effect of Technology B. Therefore, as shown in Figure 2 (e), after adopting Technology C to conduct the preparation, the junction surface of the recycled aggregate and cement mortar was the densest, and the new cement mortar in interface zone had the best hydration effect. 
STUDY ON THE COMPRESSIVE STRENGTH OF THE RECYCLED AGGREGATE CONCRETE
According to KeGuojun's research on the influence of recycled aggregate replacement ratio on the strength of recycled aggregate concrete, it was found that when the replacement ratio was <50%, the decline trend of strength was slow and workability was better [3] . Furthermore, the water absorption rate of the recycled fine aggregate was higher than that of the natural aggregate, and the addition of excessive recycled fine aggregate would absorb superabundant mixing water, which would reduce the workability of the recycled aggregate concrete. Under existing research conditions, the recycled fine aggregate had little effect on compressive strength when the replacement rate was less than 50% [4] . For the strength of the high-strength recycled aggregate concrete prepared by the recycled aggregate obtained through these three Technologies, two groups of recycled aggregate concrete were prepared, tested and compared. The recycled coarse aggregate with a replacement rate of 100% + the recycled fine aggregate with a replacement rate of 30%, and the recycled coarse aggregate with a replacement rate of 50% + the recycled fine aggregate with a replacement rate of 30%. Test mixture ratio is as shown in Table I . The comparison of compressive strength and collapsibility obtained through the test is shown in Figure 3 . Based on these test results, if the replacement rate of the recycled coarse aggregate was 50%, the collapsibility and compressive strength were highest when Technology C being utilized, and lowest when Technology A being utilized. The law is the same if the replacement rate was 100%. When using the same technology, the collapsibility and compressive strength of the recycled coarse aggregate, with the replacement rate being 50%, were both higher than that of the recycled coarse aggregate with a replacement rate of 100%. Since the recycled aggregate produced from Technology A had a higher water absorption rate, the recycled aggregate would absorb some of the mixing water, and most of the edge angles at the surface of the recycled aggregate were rougher. Hence, liquidity was worse than that in Technology B and C, while Technology B, due to the use of the heating and grinding Technology, was able to remove the old cement mortar with higher water absorption rate at the aggregate surface and less edge angles, allowing better liquidity when using the same amount of cement. However, for Technology C, which employed steel balls for grinding, the mechanical impact of the steel balls could better remove the old cement mortar at the aggregate surface, making it bear the best liquidity, best work performance, and a more reasonable particle collocation, with the prepared recycled concrete having best density and the aggregate surface having least sharp edge angles, along with least stress concentration points. Therefore, the working performance and compressive strength were best when using Technology C to prepare the recycled aggregate, among these three Technologies. 
CONCLUSION
The strength of the recycled aggregate concrete prepared by the recycled aggregate developed by the proposed recycling technology has been significantly improved. When the replacement rate of the recycled coarse aggregate was 50% and the rate of the recycled fine aggregate was 30%, the compressive strength of recycled aggregate concrete could reached the expected target strength of C50-C60.
